Attorney Docket No. 5656-34 



METHODS, SYSTEMS AND COMPUTER PROGRAM PRODUCTS TO 
INHIBIT VENTRICULAR FIBRILLATION DURING CARDIOPULMONARY 

RESUSCITATION 

Field of the Invention 

The present invention relates to methods and devices for inhibiting fibrillation. 

Background of the Invention 

When a subject undergoes cardiopulmonary resuscitation (CPR) for decreased or 
absent cardiac contraction, arrhythmias (such as ventricular fibrillation) can occur even 
after initially successfiil defibrillation or reactivation of the cardiac cycle. 

Summary 

Certain embodiments of the present invention provide devices, methods and 
computer program products that can allow cardiac compression to be selectively 
delivered during cardiopulmonary resuscitation and to be timed to a desired portion of an 
intrinsic spontaneous cardiac cycle and/or an electrical stimulus event to inhibit 
arrhythmias and/or improve cardiac fimction. 

Certain embodiments of the present invention are directed toward methods for 
performing chest compression during cardiopulmonary resuscitation (CPR). The 
methods include: (a) electrically stimulating a subject's heart during cardiopulmonary 
resuscitation; and (b) compressing the heart proximate at a selected time proximate to 
the delivery of the electrical stimulation to avoid compressing the heart during a 
vulnerable portion of the intrinsic cardiac cycle. 

In particular embodiments, the compressing step can be initiated just before or 
during the electrical stimulation. The compressing step may be initiated at a time that 
does not overlap with the T wave portion of a spontaneous intrinsic cardiac cycle. 



Other embodiments are directed toweird systems for performing chest 
compression during cardiopulmonary resuscitation (CPR). The systems include: (a) 
means for electrically stimulating a subjects heart during cardiopulmonary 
resuscitation; and (b) means for compressing the heart at a selected time proximate to 
5 the delivery of the electrical stimulation to avoid compressing the heart during a 
vulnerable portion of the intrinsic cardiac cycle. 

In particular embodiments, the means for compressing can be configured to 
compress the heart at a time that does not overlap with the T wave portion of a 
spontaneous intrinsic cardiac cycle. The means for compressing the heart may 

10 comprise a mechanically operated device and the system may also include means for 
automatically controlling the mechanically operated device to apply a mechanical 
compression responsive to the timing of the electrical stimulation. The device may be 
an extemal device configured to reside about a closed chest of the subject or the 
device may comprise an internal portion that is configured to automatically inflate and 

1 5 deflate to provide a minimally invasive direct cardiac massage. 

Other embodiments are directed at methods for performing chest compression 
during cardiopulmonary resuscitation (CPR). The methods include: sensing a 
parameter corresponding to a measure of intrinsic spontaneous cardiac activity of a 
heart in a subject undergoing CPR; and compressing the heart of the subject during a 

20 non- vulnerable portion of the intrinsic cardiac based on the sensed parameter. 

The compressing step may be initiated at a time that does not overlap with the 
T wave portion of a spontaneous intrinsic cardiac cycle. The sensing may be carried 
out using a sensing electrode in communication with an extemal defibrillator and/or 
an implantable defibrillator. 

25 The compressing may be carried out by manually compressing the heart. In 

particular embodiments, an audible alert can be automatically generated when 
compression is to be initiated to direct a person to initiate manual compression. The 
manual compression may be a closed chest, minimally invasive massage, or an open 
chest manual compression. In certain embodiments the compressing may be carried 

30 out using a mechanical device and the method may include automatically controlling 
the device to apply the mechanical compression based on the timing of the intrinsic 
cardiac cycle as determined by the sensed parameter. 
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Still other embodiments are directed to systems for assisting in chest 
compression in a subject having cardiomalfiinction. The systems include: (a) at least 
one cardiac activity sensor in communication with the heart of a subject configured to 
detect a cardiac activity parameter; (b) a controller in communication with the at least 
5 one sensing electrode; and (c) a power supply in conunimication with the controller, 
wherein, in operation, the at least one cardiac activity sensor transmits data to the 
controller regarding a spontaneous intrinsic cardiac cycle of the subject and the 
controller identifies a favorable time to deliver a chest compression based on the 
transmitted sensor data. 

10 In particular embodiments, the controller identifies a time that does not 

overlap with the T wave portion of a spontaneous intrinsic cardiac cycle and may 
include an audible alert in communication with the controller. The controller can be 
configured to output an audible alert signal responsive to an identified favorable time 
to deliver a chest compression to the subject based on the transmitted sensor data. In 

1 5 particular embodiments, the system can include or cooperate with a mechanical 

device configured to apply chest compression at selected intervals with the controller 
configured to automatically actively control the timing of the compression applied by 
the mechanical device (whether an extemal or intemd compression device). 

Still other embodiments are directed toward computer program products for 

20 timing the delivery of cardiac compression during CPR. The computer program 
product includes a computer readable storage medium having computer readable 
program code embodied in the medium. The computer-readable program code 
includes computer readable program code that determines a favorable time to deliver 
cardiac compression to a subject to avoid a vulnerable period of a spontaneous 

25 intrinsic cardiac cycle. 

In certain embodiments, the computer program product can include one or 
more of: (a) computer readable program code that identifies when electrical 
stimulation is applied to the subject and that determines the favorable time based on 
the time that the electrical stimulation is applied; (b) computer readable program code 

30 that receives data corresponding to the spontaneous cardiac activity of the subject in 
substantially real time and that determines the favorable time based on the received 
data; (c) computer readable program code that outputs an audible alert when a 



favorable cardiac compression time is determined; and (d) computer readable program 
code that automatically directs the activation of a mechanical compression device in 
response to the determined favorable time. 

The foregoing and other objects and aspects of the present invention are 
5 described in greater detail in the drawings herein and the specification set forth below. 

Brief Description of the Drawings 
Figure 1 is a schematic illustration of embodiments of the present invention 
showing that cardiac compression can be carried out at a desired time during a particular 
10 cardiac cycle; 

Figure 2 is a flow chart of operations that can be carried out according to 
embodiments of the present invention; 

Figure 3 is a flow chart of alternative operations that can be carried out 
according to embodiments of the present invention; 
1 5 Figure 4 A is a block diagram of a system according to embodiments of the 

present invention; 

Figure 4B is a block diagram of a system according to other embodiments of the 
present invention; 

Figure 5A is a block diagram of a system according to additional embodiments 
20 of the present invention; 

Figure SB is a block diagram of a system according to further embodiments of 
the present invention; 

Figure 6 is a schematic illustration of an external defibrillator with an integrated 
cardiac activity sensor and controller to time/identify a favorable compression period 
25 according to embodiments of the present invention; 

Figure 7 is a schematic illustration of an ECG device with an integrated 
favorable cardiac compression alert module according to embodiments of the present 
invention; 

Figure 8 is a schematic illustration of an implantable defibrillator in 
30 communication with a remote favorable cardiac compression alert device according to 
embodiments of the present invention; 

Figure 9 is a schematic illustration of a mechanical compression device in 



communication with a favorable cardiac compression timing and control system 
according to embodiments of the present invention; and 

Figure 10 is a block diagram of a data processing system according to 
embodiments of the present invention. 

5 

Detailed Description 

The present invention will now be described more fully hereinafter with 
reference to the accompanying figures, in which embodiments of the invention are 
shown. This invention may, however, be embodied in many different forms and 

10 should not be construed as limited to the embodiments set forth herein. Like numbers 
refer to like elements throughout. In the figures, certain layers, components or 
features may be exaggerated for clarity, and broken lines illustrate optional features or 
operations unless specified otherwise. In addition, the sequence of operations (or 
steps) is not limited to the order presented in the claims unless specifically indicated 

15 otherwise. Where used, the terms "attached", "connected", "contacting", "coupling" 
and the like, can mean either directly or indirectly, wirelessly and/or wired, unless 
stated otherwise. The term "concurrently" means that the operations are carried out 
substantially simultaneously. 

Certain embodiments of the present invention may be used during CPR to inhibit 

20 (typically prevent) cardiac tachyarrhythmia, including ventricular fibrillation, and/or to 
increase cardiac function. The term "CPR" as used herein means delivering cardiac 
compression, whether manually or mechanically and whether internally via a direct 
cardiac massage or externally through the chest, at the onset, during, or following a 
period of cardiac malfunction, typically cardiac arrest. Typicsdly, but not always, CPR 

25 may include also ventilating or providing pulmonary assistance, whether manuedly or 

with a breathing-assist device to the subject. Subject according to the present invention 
can be any animal subject, typically a mammalian subject (e.g., himian, canine, feline, 
bovine, caprine, ovine, equine, rodent, porcine, and/or lagomorph), and more typically 
is a human subject. 

30 The term "mechanical compression device" includes those devices (mechanical 

and electromechanical) used to compress the cardiac muscle (via the chest or as a direct 
cardiac massage). The mechanical devices are physical devices, which may be 



automatically or manually deployed to operate. The automated mechanical compression 
devices can be used to carry out and/or supplement manual compression using a person's 
hands or manually operated devices, which can massage the heart (open chest, direct 
cardiac or heart massage) and/or push down on the closed chest (closed chest massage or 
5 "CCM"). 

As is well known to those of skill in the art, the driving force for the flow of 
blood in the heart comes from the active contraction of the cardiac muscle. This 
contraction can be detected as an electrical signal. The cardiac contraction is triggered 
by electrical impulses traveling in a wave propagation pattem which begins at the cells 
10 of the S A node and the surroimding atrial myocardial fibers, and then traveling into the 
atria and subsequently passing through the AV node and, after a slight delay, into the 
ventricles. 

As shown in Figure 1, an intrinsic cardiac cycle (as measured by an 
electrocardiogram) is initiated by a P wave, which is normally a small positive wave in 

15 the body surface electrocardiogram. The P wave induces depolarization of the atria of 
the heart. The P wave is followed serially by the Q, R, S and T wave portions of the 
cardiac cycle. Ventricular fibrillation can occur/recur during CPR. Examination of 
recordings during past CPR events appears to indicate that many of the noted 
recurrences of ventricular fibrillation occur during chest compression. This finding 

20 suggests that the chest compression during CPR may initiate ventricular fibrillation. It is 
believed that mechanical stretch of the cardiac fibers during chest compression may 
cause electrical excitation of these cardiac fibers. 

Unless extremely strong, electrical stimulation can typically only induce 
ventricular fibrillation during a vulnerable period of the cardiac cycle, which occurs 

25 during the T wave portion of the electrocardiogram (shown schematically in Figure 1 as 
that portion of the cardiac cycle marked with the universal symbol for "do not", i.e., a 
circle enclosing "X" therein). Conventionally, chest compression during CPR may have 
been performed independently of and/or without regard to the intrinsic spontaneous 
cardiac cycle of the subject, suggesting that the noted ventricular fibrillations occurring 

30 during/following CPR may have been initiated by compressing the heart non-selectively, 
thereby causing it to become electrically stimxilated during the vulnerable period. 
Accordingly, as schematically shown in Figure 1, embodiments of the invention are 



directed to devices and methods that allow the cardiac compression to be timed to a non- 
vulnerable period of the cardiac cycle to inhibit the onset of fibrillation and/or increase 
cardiac function. 

As shown in Figure 2, certain embodiments electrically stimulate the heart to 
5 provide or initiate a stimulated cardiac cycle and time the delivery of the cardiac 

compression based on the timing of the applied electrical stimulus. For a discussion of 
electrical signals (pacing) that may, in some embodiments, be used to stimulate the heart, 
see e.g., U.S. Patent Application Serial No. 10/238,343, the contents of which are hereby 
incorporated by reference as if recited in full herein. 

10 In certain embodiments, the compression is timed to be applied during 

contraction so that compression and contraction are additive, thereby increasing cardiac 
output. As shown in Figure 3, other embodiments sense a measure of spontaneous 
cardiac activity (typically in substantially real-time) and then provide data/feedback to 
allow the cardiac compression to be applied during a non-vulnerable time or portion of 

1 5 the cardiac cycle. Combinations of the above may also be used as appropriate. 

Referring now to Figure 2, a subject's heart can be electrically stimulated during 
cardiopulmonary resuscitation (block 100). The heart can be compressed at a selective 
time proximate to the delivery of the electrical stimulation to avoid compressing the 
heart during a vulnerable portion of the intrinsic cardiac cycle (block 110). The 

20 compressing may be initiated and/or carried out just before, during or just after the 
electrical stimulation. As shown, the compressing may be carried out during or 
overlapping with the electrical stimulation (block 102). Li certain embodiments, the 
compressing may be carried out within about 1 second before or after and more typically 
within about 0.5 seconds before or after the electrical stimulation. The activation of a 

25 mechanical compression device can be controlled to automatically deliver the 

compression at a desired time (block 104). In addition, or alternatively, an alert can be 
automatically generated when a favorable cardiac compression time or opportunity is 
determined to guide a user applying manual compression as to the appropriate timing of 
same (block 106). The alert may be an audible message, a sound or a combination of 

30 same. In addition, or alternatively, visual tactile signals can also be used to prod a user 
as to when to deliver the compression. The visual signal may be provided by a light (in 
color (green/red), blinking lights and/or a screen display). The tactile signal may be a 



force applied by a wrist band or other tactile feedback member to indicate initiate and/or 
stop compression. For example, in operation, a voice message can be transmitted stating 
"Apply Cardiocompression Now". The audible alert may also note when to stop the 
cardiocompression, such as "Stop Cardiocompression Now". Different audible signals 
5 (beeps, buzzers, sirens, chimes and the like) may be used to help guide the user in this 
action such as by using a first soxmd during a suitable compression period and a different 
sound when compression should be stopped and/or an increasing decibel output as time 
becomes more critical (as the cardiac cycle approaches a more vulnerable stage). 

In other embodiments as shown in Figure 3, a parameter corresponding to a 

1 0 measure of intrinsic spontaneous cardiac activity of a heart in a subject undergoing CPR 
can be sensed (block 130). The heart can be compressed at a selective time proximate to 
the delivery of the electrical stimulation during a non-vulnerable portion of the intrinsic 
cardiac cycle based on the data provided by the sensed parameter (block 140). As 
before, the compression can be carried out at a time that does not overlap with the T 

1 5 wave portion of a spontaneous intrinsic cardiac cycle (block 132). The sensed data can 
be used to automatically direct or control the activation of a mechanical device to 
automatically deliver the compression at a desired selective time (block 134). An alert 
(typically comprising an audible signal) can be automatically generated to help guide a 
person as to when compression should be applied when a person is manually performing 

20 the compression (block 136). 

The cardiac activity parameter can be one or more parameters associated with the 
electrical activity of the heart such as provided by data from an electrocardiogram signal. 
In addition, or alternatively, a blood pressure measurement, thoracic impedance or other 
suitable measure of cardiac activity can be used. The cardiac activity parameter can be 

25 obtained from a cardiac activity sensor that may be positioned on or in the subject. In 
certain embodiments, the sensor can include a skin or surface mountable electrical 
activity electrode sensor(s) and/or an implanted sensor (typically integrated in an 
implantable defibrillator). 

Figures 4A and 4B illustrate cardiocompression assist systems that may be used 

30 to carry out operations illustrated in Figure 3 according to certain embodiments of the 
present invention. Figures 5A and 5B illustrate cardiocompression assist systems that 
can be used to carry out operations illustrated in Figure 2. Each of the 



cardiocompression systems can be referred to genericedly by reference number 10, and 
individually by the subscript shown, lOi, IO2, IO3, IO4. As shown, each system 10 can 
include or be in communication with a controller 20 and power supply 25. 

Figures 4A and 4B illustrate that the system can include or cooperate with a 
5 cardiac activity sensor 30. The system lOi shown in Figure 4A includes a controller 20 
that can direct the activation of an automatic or semi-automatic mechanical compression 
device 40 based on the substantially real time data on the cardiac activity provided by the 
sensor 30. The system lOi can include the mechanical device 40 or be configured to 
cooperate with an existing device 40. As shown in Figure 4B, the system IO2 can 

1 0 include and/or be in communication with an alert device or component 45. The 

controller 20 can direct the output of a favorable compression alert based on the data 
provided by the cardiac activity sensor 30 to help guide the timing of manually delivered 
compression. The alert 45 may comprise an audible favorable cardiocompression alert 
as shown, and/or other alert signals such as but not limited to, tactile and visual alert 

1 5 signals as discussed above. Examples of suitable mechanical devices will be discussed 
further below. 

Figures 5 A and 5B illustrate systems IO3 and IO4 can include and/or be in 
communication with an electrical stimulus device 50 capable of stimulating cardiac 
activity. The system IO3 shown in Figure 5A includes and/or is in communication with 

20 a (automatic or semi-automatic) mechanical compression device 40. An example of an 
electrical stimulus device 50 is an external and/or implantable defibrillator configured to 
apply an electrical shock to the heart of the subject. An electrode(s) in communication 
with the stimulus device may be integrated with an external compression device, such as 
an inflatable vest and/or a thumper extemal or other device as will be discussed further 

25 below. 

As shown in Figure 5B, the system IO4 can also include and/or be in 
communication with an alert device or component 45. The controller 20 can direct the 
output of a favorable compression alert based on the data provided by the timing of the 
stimulus to help guide the timing of manually delivered compression. The alert 45 may 
30 comprise an audible favorable cardiocompression alert as shown, and/or other alert 
signals such as, but not limited to, tactile and visual alert signals as discussed above. 
Examples of suitable mechanical devices will be discussed further below. The 
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cardiocompression system 10 may also include combinations of the features shown in 
systems lOi, IO2, IO3, IO4. For example, the system 10 can include or be in 
communication with both a cardiac activity sensor 30 and an electrical stimulus device 
50. 

5 The cardiocompression system 10 may be incorporated into existing patient 

monitoring or therapeutic devices or configured as a stand-alone vinit that provides the 
timing of cardiac compression during CPR. For example, as shown in Figure 6, an 
external defibrillator 70 can be configured to provide the compression alert signal 45s 
whether based on sensing cardiac activity (Figure 3) or based on the timing of the 

10 delivery of the stimulus. Thus, as shown, the device 70 may optionally include a cardiac 
activity sensor 30. The sensor 30 can be deactivated or electrically insulated during 
appUcation of a stimulus shock as desired. If manual compression is to be used 
proximate to delivery of electrical stimulation (particularly extemally applied) a person 
should use insulating gloves to inhibit the person from receiving an undue electrical 

15 shock. 

Figure 7 illustrates that an electrocardiographic (ECG) machine 80 can be 
configured to incorporate cardiocompression timing to provide the cardiocompression 
alert signal 45s and/or direct the activation of mechanical devices 40. The electrodes of 
the ECG may be suitable to provide the sensed cardiac activity. 

20 Figure 8 illustrates a system 10 which is configured with a remote housing 90R 

that can be configured to wirelessly communicate with an implanted 
defibrillator/pacemaker 901. The remote housing 90R can include the controller 20 that 
receives data ti^nsmitted firom the implanted defibrillator/pacemaker 901 to generate the 
compression alert signal 45s and/or direct the activation of the mechanical device 40 

25 (Figures 4A, 5A). The implanted device 901 can be configured to provide the cardiac 
activity data and/or the electrical stimulus. 

Figure 9 illustrates an example of system 10 in communication with a 
mechanical device 40 configured to provide compression at a selective time to inhibit 
compression during a vulnerable period of the cardiac cycle. As shown, the device 40 is 

30 an inflatable vest 40v having a fluid inflation source and activation system (typically 

pneumatic) configured to inflate and deflate to apply chest compression. The system 10 
can include a sensor 30 that is in communication with controller 20 as shown and/or 
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employ an electrical stimulus device as described above. In operation, the controller 20 
can direct the activation system 40A to selectively time the delivery of the compression 
to avoid a vulnerable portion of the cardiac cycle, hi certain embodiments, the system 
10 can be configured to activate the vest 40v to rapidly compress and apply pressure 
5 during a non-vulnerable time and to even more rapidly stop (/. e. , exhaust air or fluid and 
deflate within or less than about 3 ms, and typically less than about 1 ms) the 
compression if cardiac activity indicates a vulnerable period, hi addition, in certain 
embodiments, timing of compression provided by leg compression devices, where used, 
may also be controlled An example of an inflatable vest is described in U.S. Patent No. 

10 6, 1 79,793, the contents of which are hereby incorporated by reference as if recited in full 
herein. Other inflatable bladder chest compressors are described in U.S. Pat. Nos. 
2,071,215, 4,424,806 and 4,928,674, the contents of which are also incorporated by 
reference as if recited in full herein. In some cases, a stiff outer shell or bieising cuff 
surrounds the bladder so that when the bladder is periodically inflated, the patient's chest 

15 is compressed, causing expiration and inspiration. Still other cardiac assist devices 
employing inflatable cuffs and other mechanisms are described in U.S. Pat. Nos. 
5,256,132; 5,169,381; 4,731,076; 4,690,134; 4,536,893; 4,192,293; 4,048,990; 
3,613,672; 3,455,298; and 2,826,193. The contents of these patents are also 
incorporated by reference as if recited in full herein. 

20 In certain embodiments, intemal automated or semi-automated suitable 

mechanical devices 50 that are configured to provide minimally invEisive direct cardiac 
massage (MIDCM) can be controlled according to embodiments of the present 
invention. Examples of MIDCM devices are described in U.S. Patent Nos. 6,200,280, 
6,503,265, and 6,059,750, the contents of which are hereby incorporated by reference as 

25 if recited in full herein. Other direct massage devices are described in U.S. Patent Nos. 
5,582,580, 5,571,074, 5,484,391 5,683,364, 5,466,221 and 5,385,528, the contents of 
which are hereby incorporated by reference as if recited in full herein. Dissectors 
employing inflatable components are described in U.S. Pat. Nos. 5,730,756; 5,730,748; 
5,716,325; 5,707,390; 5,702,417; 5,702,416; 5,694,951; 5,690,668; 5,685,826; 

30 5,667,520; 5,667,479; 5,653,726; 5,624,381; 5,618,287; 5,607,443; 5,601,590; 

5,601,589; 5,601,581; 5,593,418; 5,573,517; 5,540,711; 5,514,153; and 5,496,345. The 
contents of these patents are also incorporated by reference as if recited in full herein. 
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Examples of manual mechanical devices can be foxmd in U.S. Pat. No. 
3,219,031, No. 3,509,899, No. 3,896,797, and No. 4,397,306. Each of these patents 
describe devices which use a reciprocating plunger to compress a victim*s chest along 
with a means of ventilating the victim, such as a source of pressurized oxygen or a 
5 squeeze bag. Certain hand held devices have been employed to serve both these 

functions. Indeed, the popular media have reported on the use of a suction cup plunger, 
often referred to as a "plumber's helper", having been used to provide enhanced CPR. 
A past study determined that where cardiac support is provided by rhj^hmic chest 
compressions, cardiac output could be significantly improved by altemating chest 

1 0 compressions with chest decompressions. In this study, the chest was compressed and 
decompressed using a rubber plunger which altemately applied pressure and suction to 
the patient's chest. See Cohen, T. J., et al., "Active Compression-Decompression: A New 
Method of Cardiopulmonary Resuscitation", J. Am. Med. Assoc. Vol. 267, No. 21, pp. 
2916-23, 1992. This technique is known as active compression-decompression CPR 

15 ("ACD CPR"). ACD CPR is reported as being significantly more effective than 

conventional "compression-only" CPR. It provides both perfusion and ventilation, and 
can resuscitate some patients where conventional CPR and defibrillation fail. 
Devices capable of being used to perform ACD CPR are also described in U.S. Pat. No. 
5,295,481 and European Patent Application No. 92303367.4 (Publication No. 0 509 773 

20 Al). Each of these patents shows a device which includes a suction cup and handle. In 
each case, the aid giver would grab the handle and altemately press down and then pull 
up. The downward pressure would force air out of the lungs and blood out of the heart, 
while the pulling up on the handle would cause the suction cup to draw the chest 
upwardly to pull air into the lungs and blood into the heart. Another example of an 

25 extemal device 50 for providing ACR using an extemal beam is described in U.S. Patent 
No. 5,630,789, the contents of which is incorporated by reference as if recited in full 
herein. 

Figure 10 is a block diagram of exemplary embodiments of data processing 
systems that illustrates systems, methods, and computer program products in 
30 accordance with embodiments of the present invention. The processor 410 

commimicates with the memory 414 via an address/data bus 448. The processor 410 
can be any commercially available or custom microprocessor. The memory 414 is 
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representative of the overall hierarchy of memory devices containing the software and 
data used to implement the functionality of the data processing system 405, The 
memory 414 can include, but is not limited to, the following types of devices: cache, 
ROM, PROM, EPROM, EEPROM, flash memory, SRAM, and DRAM. 
5 As shown in Figure 10, the memory 414 may include several categories of 

software and data used in the data processing system 405: the operating system 452; 
the application programs 454; the input/output (I/O) device drivers 458; the 
Cardiocompression Timing Module 450; and the data 456. 

The data 456 may include substantially real-time sensed cardiac activity 451 

10 and/or the timing of an electrical stimulus. The processor 410 can be in 

communication with an automated mechanical compression device 40 and/or stimulus 
device 50. As will be appreciated by those of skill in the art, the operating system 452 
may be any operating system suitable for use with a data processing system, such as 
OS/2, AIX, DOS, OS/390 or System390 ft"om International Business Machines 

15 Corporation, Armonk, NY, Windows CE, Windows NT, Windows95, Windows98 or 
Windows2000 fi-om Microsoft Corporation, Redmond, WA, Unix or Linux or 
FreeBSD, Palm OS from Palm, Inc., Mac OS fi-om Apple Computer, LabView, or 
proprietary operating systems. The I/O device drivers 458 typically include software 
routines accessed through the operating system 452 by the application programs 454 

20 to communicate with devices such as I/O data port(s), data storage 456 and certain 
memory 414 components and/or the device 420. The application programs 454 are 
illustrative of the programs that implement the various features of the data processing 
system 405 and preferably include at least one application which supports operations 
according to embodiments of the present invention. Finally, the data 456 represents 

25 the static and dynamic data used by the application programs 454, the operating 

system 452, the I/O device drivers 458, and other software programs that may reside 
in the memory 414. 

While the present invention is illustrated, for example, with reference to the 
CarioCompression Module 450 being an application program in Figure 10, as will be 

30 appreciated by those of skill in the art, other configurations may also be utilized while 
still benefiting from the teachings of the present invention. For example, the Module 
450 may also be incorporated into the operating system 452, the I/O device drivers 
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458 or other such logical division of the data processing system 405. Thus, the 
present invention should not be construed as limited to the configuration of Figure 
10, which is intended to encompass any configuration capable of carrying out the 
operations described herein. 
5 The I/O data port can be used to transfer information between the data 

processing system 405 and the closure attachment mechanism (such £is for chubbed 
linked product) 420 or another computer system or a network (e.g., the Internet) or to 
other devices controlled by the processor. These components may be conventional 
components such as those used in many conventional data processing systems which 
10 may be configured in accordance with the present invention to operate as described 
herein. 

While the present invention is illustrated, for example, with reference to 
particular divisions of programs, functions and memories, the present invention 
should not be construed as limited to such logical divisions. Thus, the present 
15 invention should not be construed as limited to the configuration of Figure 10 but is 
intended to encompass any configuration capable of carrying out the operations 
described herein. 

The flowcharts and block diagrams of certain of the figures herein illustrate 
the architecture, functionality, and operation of possible implementations of selective 

20 implementation of single and dual clip closure means according to the present 

invention. In this regard, each block in the flow charts or block diagrams represents a 
module, segment, or portion of code, which comprises one or more executable 
instructions for implementing the specified logical function(s). It should also be 
noted that in some altemative implementations, the functions noted in the blocks 

25 might occur out of the order noted in the figures. For example, two blocks shown in 
succession may in fact be executed substantially concurrently or the blocks may 
sometimes be executed in the reverse order, depending upon the functionality 
involved. 

In summary, certain embodiments of the present invention provide devices, 
30 methods and/or computer program products that can allow cardiac compression to be 
selectively delivered during cardiopulmonary resuscitation and to be timed to a desired 
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portion of an intrinsic spontaneous cardiac cycle and/or an electrical stimulus event to 
inhibit (typically prevent) arrhythmias and/or improve cardiac function. 

The foregoing is illustrative of the present invention and is not to be construed 
as limiting thereof Although a few exemplary embodiments of this invention have 
been described, those skilled in the art will readily appreciate that many modifications 
are possible in the exemplary embodiments without materially departing from the 
novel teachings and advantages of this invention. Accordingly, all such modifications 
are intended to be included within the scope of this invention as defined in the claims. 
In the claims, means-plus-function clauses, where used, are intended to cover the 
structures described herein as performing the recited function and not only structural 
equivalents but also equivalent structures. Therefore, it is to be understood that the 
foregoing is illustrative of the present invention and is not to be construed as limited 
to the specific embodiments disclosed, and that modifications to the disclosed 
embodiments, as well as other embodiments, are intended to be included within the 
scope of the appended claims. The invention is defined by the following claims, with 
equivalents of the claims to be included therein. 
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